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Abstract 
 
An improved understanding of the characteristics of 
the pre-discharge current pulses in GIS will lead to 
improved analyses of the results from the UHF partial 
discharge detection method. This paper presents the 
characteristics of the first pre-discharge current pulses 
from a point-to-plain geometry at 1 bar absolute under 
both polarities of a 1.1/80 s lightning impulse. The 
analysis has shown that the pre-discharge current 
wave shape, peak current magnitude and charge is 
effected by the instantaneous voltage at which the pre- 
discharge took place as well as the polarity of the 
active electrode. The measured results show that 
protrusions on the electrodes have slower wave shape 
parameters than those reported for free conducting 
particles. 
 
1. Introduction 
Gas Insulated Switchgear (GIS) has become a popular 
alternative to air and oil insulated systems. This is due 
to the high reliability and availability of GIS. To 
ensure this high reliability it is necessary to develop 
reliable and accurate diagnostic tools. The Ultra 
High Frequency (UHF) technique of partial discharge 
(PD) detection in GIS has proven itself to be a useful 
diagnostic tool for the detection of defects within GIS 
[1], [2]. Results obtained using the UHF method 
however lacks information regarding charge 
magnitude. This is compounded by variations in signal 
due to defect and excitation voltage [3]. In order to 
better understand the results presented by the UHF 
method, it is necessary to understand the fundamental 
characteristics of the exciting pre-discharge current 
signal. 
 
This paper attempts to address this issue by 
determining the characteristics of the first pre-
discharge current pulse from a quasy point-to-plain 
gap in SF6. This work therefore needs a high-
bandwidth measurement of the current associated 
with the defect. An experimental test gap was 
designed to fulfill the above. The measured current 
will be made up of three components, namely pre-
discharge current  component, conduction current 
component and displacement current component. 
 
We are only interested in the pre-discharge current 
component, and must therefore reduce the effects of 
the other two components. The displacement current 
component is associated with the capacitance between 
the rod and the HV electrode as well and the rate of 
change of the supply voltage. The experimental test 
gap was designed to reduce the displacement current 
to a minimum so as to obtain the true pre-discharge 
current. This was achieved by placing an earthed 
shield along most of the length of the rod. This has the 
effect of reducing the capacitance to the tip of the rod 
thereby minimising the displacement current. The 
influence of the conduction current component is 
assumed to be small since the conductivity of SF6 is 
very low. 
 
2. Experimental set-up 
 
A schematic and picture of the experimental test gap 
used is shown in Figure 1 and Figure 2 [4]. This 
consists of a rod placed in a uniform background 
electric field produced by two Rogowski profile 
electrodes. This set-up produces a localized electric 
field in-homogeneity at the tip of the rod. The 
diameter of the point used in the experimental test gap 
was 1 mm. The impulse voltage was applied between 
the two Rogowski electrodes using a Marx impulse 
generator. The current associated with the partial 
discharge activity around the point was measured by a 
resistive shunt placed in the earth path of the rod. An 
earthed conducting shield was placed around most of 
the rod’s length leaving approximately the last 2 mm 
of the rod un-shielded. The rod is insulated from the 
shield and the Rogowski electrode through which it 
passes. The shield is used to reduce the capacitive 
signal from the impulse voltage that will be coupled 
into the measured current. 
 
The luminous activity associated with the partial 
discharge activity around the rod is observed with the 
use of a photomultiplier. The pre-discharge luminous 
activity is described by the photomultiplier anode 
current. 
 
The test gap was housed in a 275 kV GIS disconnect 
chamber. The impulse voltage was fed into the system 
using a bushing. Ports are provided in the chamber to 
facilitate viewing of the pre-discharge using the 
photomultiplier. 
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The measured light intensity waveforms are delayed 
on the oscillograms by approximately 28 ns by the 
photomultiplier. The supply voltage to the 
photomultiplier was 2 kV giving a maximum gain of 
2 x 106. 
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Figure 1. Schematic of the experimental test gap. 
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Figure 3. Negative point. Channel 3 = Light, Channel 2 = 
Current. 
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Figure 2. Experimental test gap. 
 
3. Results 
The pre-discharge current waveforms from the rod and 
the associated light intensity current waveforms from 
the first pre-discharge under both positive and 
negative polarity of a 1.1/80 s lightning impulse 
were recorded at 1 bar absolute SF6. The subsequent 
pre-discharges after the first pre-discharge will not be 
looked at. 
Figure 3 shows a typical negative polarity first 
discharge current pulse and associated light intensity. 
Pre-discharge current (channel 2, vertical scale: 40 
mA/div) and light intensity current (channel 3, vertical 
scale: 40 mA/div). Peak magnitude of the applied 
voltage was 53.3 kV. The Instantaneous voltage U0 
was 52.53 kV. 
 
Figure 4 shows a typical positive polarity first 
discharge current pulse and associated light intensity. 
Pre-discharge current (channel 2, vertical scale: 20 
mA/div) and light intensity current (channel 3, vertical 
scale: 20 mA/div). Peak magnitude of the applied 
voltage was 54.8 kV. The Instantaneous voltage U0 
was 53.96 kV. 
Figure 4. Positive point. Channel 3 = Light, Channel 2 = 
Current. 
 
 
 
Figure 5. Comparison of the measured current and 
associated light pulses from a positive point discharge. 
Channel 3 = Light, Channel 2 = Current. 
 
Figure 5 shows the comparison between a measured 
pre-discharge current pulse (Channel 2, vertical scale: 
20 mA/div) and the associated light intensity pulse 
(Channel3, vertical scale: 20 mA/div). Horizontal 
scale: 2.5 ns/div. From this figure, it can be seen that 
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Figure 13. Total integral of the pre- 
discharge current pulse versus the total 
integral of the light intensity current. 
Figure 8. Peak of the pre-discharge 
current pulse versus the instantaneous 
voltage U0. 
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Figure 11. Peak of the light intensity 
current pulse versus the peak of the peak 
of the pre-discharge current. 
Figure 14. Negative point 50 Hz first pre- 
discharge current peak versus the 
instantaneous voltage U0. 
Figure 15. Predicted magnitudes of the 
UHF components versus rise time of the 
simulated current pulses. Charge 5nC. 
Fall time = 5 ns. 
Figure 16. Predicted magnitudes of the 
UHF components versus fall time of the 
simulated current pulses. Charge 5nC. 
Rise time = 1 ns. 
 
 
ln(Amplitude) 
p.u. 
Figure 17. FFT of the measured positive 
point pre-discharge current with 
constant rise time and differing fall time. 
Charge = 3.3 pC. 
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the rising edge of the light pulse is associated with the 
electron component of the discharge current pulse. 
 
The results of the characteristics of the pre-discharge 
current pulses are shown in Figure 6 to Figure 10. The 
characteristic of the luminous activity is shown in 
Figure 11 and Figure 12. 
 
Figure 13 shows the total integral of the pre-discharge 
current pulse versus the total integral of the light 
intensity current. 
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Figure 6. 10-90% rise time Tr of the pre- 
discharge   current    pulse    versus    the 
instantaneous voltage Uo . 
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Figure 7. 90-10% fall time Tf of the pre- 
discharge current pulse versus the 
instantaneous voltage Uo. 
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Figure 9. Total integral of the pre- 
discharge current pulse versus the 
instantaneous voltage Uo. 
Figure 10. Total integral of the pre- 
discharge current pulse versus the peak 
of the pre-discharge current. 
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Figure 12. Total integral of the first pre- 
discharge current pulse versus the peak 
of the light intensity current pulse. 
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10-90% Fall Time (s) 
10 Frequency (Hz) 
Point 
polarity 
Rise time 
10-90 % 
Fall time 
90-10 % 
Pulse width 
10-10 % 
Positive Decreases 
from 4.5 
ns to 1.25 
ns. 
Decreases 
from 35 
ns to 9 ns. 
Decreases 
from 39 
ns to 12 ns 
Negative Decreases 
from 1.6 
ns to 0.9. 
Decreases 
from 3.5 
ns to 2 ns. 
Decreases 
from 5 ns to 
4 ns. 
 
 
4. Discussion 
 
An impulse voltage waveform has been chosen for 
this work because a sinusoidal excitation voltage 
develops a history due to the previous discharge in the 
gap. This will influence the observations due to the 
charge distribution in the gap from discharges in 
previous cycles. This can be seen in Figure 14. This 
figure shows the peak of the first discharges current 
pulse from a negative point under power frequency 
excitation. From this figure the effects of  pre- 
discharges in the previous positive point half cycle can 
be clearly seen. Discharges in the previous positive 
point half cycle tend to reduce the peak of the 
measured first pre-discharge current pulse on the 
negative point half cycle and even increase the 
statistical delay times of the measured discharges. 
From this it is clear that in order to obtain results that 
are not effected by previous discharges, it is necessary 
to apply an impulse voltage to the set-up. 
 
The experimental pre-discharge current waveforms 
were analyzed by computing the 10-90% rise time, 90- 
10% fall time. This analysis has shown that the pre- 
discharge current wave shape is affected by the 
instantaneous voltage U0 at which the pre-discharge 
too place, thus also affecting the peak current 
magnitude of the pre-discharge and the charge in the 
pre-discharge. The polarity of the active electrode also 
plays a major role in the pre-discharge current 
characteristics. Table 1 summarizes the changes to the 
pre-discharge current shape as the instantaneous 
voltage U0 is increased. The pre-discharge current 
waveforms tend to become sharper as the 
instantaneous voltage is increased. The negative point 
pre-discharge current wave shape under all conditions 
tends to be sharper than those of the positive point. 
Table 1. Changes in pre-discharge current wave shape 
with increasing instantaneous voltage U0. 
either rise time or fall time, the magnitude of the UHF 
signal will increase. Figure 17 shows the FFT of 
measured positive point current impulses normalized 
to 3.3 pC plotted according to fall time. From this it 
can be seen that as the fall time decreases, the 
magnitude of the frequency components will increase. 
 
5. Conclusion 
 The current wave shape of the first pre-discharge 
is dependent on the instantaneous voltage at 
which the pre-discharge takes place. This affects 
the pre-discharge peak current magnitude and the 
charge of the pre-discharge. 
 The FFT analysis of simulated pre-discharge 
current waveforms and measured pre-discharge 
current waveforms shows that variations in the 
rise time and fall time of the current wave form 
effect the amplitudes of the anticipated frequency 
components excited in the GIS. 
 Changes in pre-discharge current wave shape will 
therefore have a profound influence on the 
measured UHF signal. 
 Pre-discharge phenomena with the same charge 
value but with different pre-discharge current 
characteristics (rise time and fall time), due to 
changes in the voltage at which they occurred, 
will have different measured UHF signals. 
 From the above it is not possible to compare 
amplitude values of different UHF measurements, 
from even the same source, and hence draw any 
conclusions as to a relationship between the 
magnitudes of the charges concerned. 
 
 
References 
1. B.H. Hampton and R.J. Meats, “Diagnostic 
measurements at UHF in gas insulated 
substations”, IEE Proceedings, Vol. 135, Rt. C, 
No. 2, March 1988, pp 137-144. 
2. H.D. Schlemper, R. Kurrer and K. Feser, 
“Sensitivity of on-site partial discharge detection 
th 
in GIS”, 8 International Symposiums on High 
 
 
 
 
 
The UHF detection method is a frequency dependent 
detection tool. The detected UHF signal out of the 
coupler depends on the excitation of the GIS, the 
attenuation in the GIS and the transfer function of the 
coupler. All of the above are dependent on frequency. 
Any changes in the pre-discharge current wave shape; 
which is the exciting source must therefore affect the 
measured pre-discharge signal. Figure 15 and Figure 
16 show the predicted UHF signal from a 362 kV GIS. 
The frequencies used are the calculated resonant 
frequencies of a 1 m section of duct. The magnitudes 
of the FFT of artificial signals with changing rise 
times and fall times are then plotted at these resonant 
frequencies. From these two figures it can be seen that 
as the pre-discharge current pulse gets sharper in 
Voltage Engineering, Yokohama, 1993. 
3. R. Kurrer and K. Feser, “The application of Ultra- 
High-Frequency partial discharge measurements 
to Gas-Insulated Substations”, IEEE Transactions 
on Power Delivery, Vol. 13, No. 3, July 1998, pp 
777-782. 
4. S.D. Nielsen and J.P. Reynders, “The influence of 
small amounts of N2 in SF6 pre-breakdown 
discharges”,  11th   International  Symposiums  on 
High Voltage Engineering, London, August 1999. 
 
Acknowledgements 
The author would like to acknowledge the financial 
and technical assistance of the University of the 
Witwatersrand and in particular Prof. JP. Reynders for 
his assistance. 
 
E-mail address of author 
shawn.nielsen@eskom.co.za 
